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ABSTRACT

It has been shown that the Admittance Diagram! along with the Quarter-wave Rule can be used in the design
and characterization -of Optical Thin Film coatings. However, this same tool may be -utilized in the design and
characterization of some microwave components as well. A simple design example of a Wilkinson Power Divider is pre-
sented to illustrate the:utility of this optical technique for microwave circuit design and analysis.

1. BACKGROUND

Microstrip and stripline circuit design is-unlike that uscd by most clectrical engincers. This is duc to the'fact
that clements at higher frequencies are often-di.iributed rather-than discreet. The operating parameters of a circuit or
circuit clement are found by utilizing different modeling tools than those used for standard electronics. Prior to the usc
of digital computers the Smith Chart was onc of the main tools used for this purposc. The Smith Chart is usefui in
determining circuit behavior, but'it is cumbersome to use and does not represent-a.very intuitive tool. The advent of the
digital computer-and advanced software packages capable of performing analysis of microwave circuits has replaced the
Smith Chart as the main design tool. Computer algorithms may provide specific outputs concerning the circuit behavior,
but they may not-provide an intuitive understanding of the circuit behavior under excitation. This paper will introduce
the use of a graphical tool developed for optical thin film analysis. This method of analysis will aid in the design of
microwave circuits. It allows the designer to visualize the behavior-of critical elements as well as optimize the circuit
performance.  Since one can casily construct a model bascd on impcdance, the model presented here uses the
admittance of a circuit-clement to-determine certain-parameters, which can be modeied just as casily. The admittance
was chosen (o retain coatinuity with this work and the work done for optical thin films.

The first scction of this paper will present a bricf introduction to both optical thin film and microwave theory.
Next, there will be a discussion of the Smith Chart and the Admittance Diagram. The use of the Admittance Diagram
wili be shown by performing analysis on both the uncompensated and the compensated Wilkinson power dividers.

2. INTRODUCTION TO THE THEORY

A bricldiscussion of basic concepts is nccessary in order to gain an understanding of what is to be accomplished
in this study. An cxplanation of thin film filters (used at normal angle of incidence), the Smith Chart and the
Admittance Diagram will also be-addressed. The analysis assumes here that the-optical thin-films arc used at a normal
angle of incidence only, to model the behavior of microwave clements. For brevity, this will-be assumed for all-the
optical analysis that follows. While only a graphical form of the Admittance Diagram will be discussed in this-paper,
exact values can be calculated utilizing the analysis discussed by Macleod! in his text. The utility of the graphical
technique-is the visualization it provides of circuit performance.

In general, when reflectance takes place in a medium of lower refractive index to a medium of higher refractive
index there is a 180 ° phase shift. A 0° phase shift takes place in the opposite case, from higher to lower refractive
indices. This is due to the fact that the reflectance at the top and bottom surfaces separate into two components of the
light. The components recombine destructively for 180° phase shift and constructively for a 0° phase shift or multiples




-of 360°. Reflectance can be represented as

R =p2 . (1a)

1.Y

R (1b).
1+Y

where, p- is the amplitude reflectance, R'is the intensity reflectance and for-a quarter -wavelength thick thin film,

Y= - @
YoY2

where yg, ¥y, and y, arc admittances of three-different. media in contact as shown in Fig.-1. Here, Y may be thought of
as_an cequivalent admittance. We may interperate the action-of the film as transforming the adrittance v, into an
admittance y,-’-/yz and-this expression is known as the Quarter Wave Rule. This than gives us-the refractive -index

rclationship and should remain unchanged. The index of refraction n of a thinfilm layer is related to the-admittance y
of that layer by, '

y=Ygn, €)

where Yyiis the admittance-of-free space. This applics:strictly to-media where g, = 1 and thus,.as +# = i< ¥ region
where this is satisfied cquation (2) from above can be re-written for the refractive index-N and takes in i

mn

N = i Q)

nonz

‘Because of this simplification, optical admittances arc usually quoted in units of thc admittance of free space so
that theyhave the same numerical value as the refractive index. Eq. (2) represents an example of a single layer of
admittance y; on a_substrate with admittance y, with incident media y,. In Fig. 1 the indices of refraction may be
replaced-by. their respective optical-admittances. Y represents the-cquivalent admittance of the overall assembly. A
singic antireflecting'thin-film-coating-on a-lens made of glass-would have the-same form with y,, the admittance of air
being equal to one.

The Smith-Chart shown in-Fig. 2is uscd to calculate various propertics of ;ra;nsmissionlincs. The impedance
rclations that the Smith-Chart gives for a lossless line of different loads is important in this study and is represented by




Xz > ()
1+2Z

where Z is the impedance-and is plotted in polar coordinates. The corresponding real and imaginary parts of X are
read from the sets of orthogonal circles on-the Smith Chart and will be discussed in more detail-later. Notice the
similarity between Eqs. (1b) and (5).

The Admittance Diagram also uses-a graphical approach of the Smith Chart.to relate the various properties of
optical-thin film layers. The Admittance Diagram is made up of half the complex-plane which can be-further divided
into four regions that correspond to the quadrants of phase shift on.reflection. Fig. 3 shows the contours which separate
the quadrants. The arc or circular locus represents a single thin_film layer. Procedures for calculating the equations for
these contours are-outlined in Macleod's text. The points connecting the arcs. of circles correspond to-the interface
between the layers. In the case of the Wilkinson power divider shown in Fig. 4a and 4b these points would represent the
interface between scgments of transmission lines. The Wilkinson power divider which is-a microwave stripline?
component will be discussed later.

3.THEORY

The Smith-Chart can be used to determine impedance and admittance with any load, standing-wave ratio
(SWR): and capacitive or inductive reactances of short circuited transmission lines or small sections- of transmission
lines called stubs3. For case of calculation these parameters arc normally determined for lossless lines. A simifar
situation cxists for-diclectric films where one assumes no-absorption. However, it is also possible to calculate for Lnes
with loss and, thin films with absorption as'well. For this study the most important application of the SmikChart is the
utilization of quartcr wave stubs to match a load to a linc. The Admittance Diagram may be wiilized in a similar
manner because it too uses a quarter wave matching technique. Thercfore, the Admitiance Diagram may-be applied in
a way similar to the Smith Chart as shown in Fig. 5. The following scctions will explain some of the reasoning behind
this concept.

3.1 Thin Film Filters

Stripline elements may be developed from quarter wave scctions. This is a feature also common to optical thin
films. It is not surprising then, that certain performance characteristics arc also common. A designer for both stripline
clements and- thin film clements may wish to- reduce or cnhance reflected componcnts; or phasc match between
clemeats; or produce an clement that has broadband characteristics; or.cven sharpen. the band charactetistics with a
spike filter. The usc-of the Admittance Diagram and the Quarter Wave Rule can be séen as-an extension from quarter
wave clements ai optical frequencies to quarter wave clements at microwave frequencics.

We will begin by-looking at onc of the simplest optical-thin _film clements, a single layer used to match the
admittance of 2 substrate to the admittance of the incident media taken to be air, as shown in Fig. 1. This is analogous
to impedance matching. Here light is incident on an planar optic made of glass coatcd-with an optical thin film. The
light rcflected at-the top.and bottom layer(s) of an assembly must cancel to behave as an-antireflective coating. From
Eqs. (1a) and (1b) this means that 1- Y = 0, or

- i =Yo Y. . (6)

where the value of the admittances are, for example y, = 1 for air and y, = 1.52 for glass. Thercfore,.the thin film




admittance:should be between the-admittance of air and the substrate. to accomptish complete cancellation, for this
example-y; = 1.23. The optical thickness of the film should be onc quarter wavelength 1o insure 180 ° phase shift. In
other words, the total difference in the phase-shift between the two beams should be cqual to one half wavelength.

32 Multilayer Thin Film Stack

A multilayer, known as a quarter wave stack, is another thin film filter. It consists of-quarter wave thin film
layers whose indices are stacked alternately high and low inthe assembly. Upon reflection, the-high index layer will not
-experience a phase shift, while light in the lower index layers will have_a 180° phase shift. For enhanced reflectors this
results in a constructive recombination at the front surface. The reflectance of the multilayer depends on the wavelength
and the number of high and low index layers. The quarter wave stack technique is-commonly used in the design of thin
film filters, -Similarly, a series or stack of quarter wave stripline segments may be utilized with this technique to develop
a modcl for the design of a Wilkinson Power Divider or similar microwave components.

4. QUARTER WAVE AND HALF WAVE THIN FILM LAYER REPRESENTATION
ON THE ADMITTANCE DIAGRAM

A brief discussion oa how both quarter wave clements or the combination of quarter wave layers forming half
waves clemients (sometimes called abscntce layers) arc-used to produce multilayer assemblies, will now be discussed.
Half-wave layers arc called absentee layers because at the design wavelength, the light reflected from the bottom surface
of the layer has undergone a 360° phasc shift- with respect to the incident light reflected from the top surface, that is
apart from any phase shift from- the reflection. at the boundarys themselves.  This results in-the suppression of any
interference effects and the effective climination of the halfwave layer. It is therefore correct and convenient 1o omit
half wave layers for case of computing the assembly propertics.

The addition of an odd number of quarter wave layers! with admittance y alters the equivalent admittance from
Y of the assembly to ¥3/y. By cxtension, a stack of five quarter-wave layers of different materials can casily b.
calculated as

ory, for theoptical admittance of cach it layer, where i represents layers 1 through 5, and yg,, is the admittance of the
substrate.

Assemblics of quarter and half wave layers are often-used in the design of optical thin films becausc of the
simplicity of the calculations involved. It is only nccessary to specify the number of quarter or half waves and the
wavelength.  Usually, -the materials for quarter wave optical thicknesses are specificd as H for a -High index of
refraction. M for an intermediate index and L for a Low.index. Half waves are represented by HH, MM, or LL. For
example, a multilayer-asscmbly of high and low indices consisting of quarter wave layers on-a glass substrate would be
represeated by

Air | HLHLH| Glass

and is shown in-Fig. 6 . A multilaycr containing some quarter-wave and half wave layers (absentce layers) might be
represented  with the indicated layers cffectively canceling at the design wavelength as follows




(A

Air | HLHHLHLH| Glass,

At the wavelength for which all'H,L are quarter waves this-reduces to just Air [:LH| Glass, since the absentee layers
cae be neglected. Fig. 7-shows the equivaicnt Admittance-Diagram with-the absentee layers removed.

The Admittance Diagram will be use to design and analyze-the quarter wave sections of the Wilkinson Power
Divider stripline model in the following section.

5.THE WILKINSON POWER DIVIDER

The Admittance Diagram, developed by Macleod uses a graphical approach not ‘unlike the-Smith Chart to
relate the various propertics of optical thin film layers although the-cmphasis is on admittance rather-than amplitude
reflection coefficient. The quarter wave matching technique utilized by the Smith Chart to-design siripline circuits is
similar to that of the Admittance Diagram for the design of quarter wave optical thin film coatings. This technique will
be illustrated by designing a Wilkinson power divider. A stripline model will-be developed for the-power divider. The
results will be-analyzed using the Admittance Diagram. The advantage here is that the Admittance Diagram allows a
more visual method of analyzing the circuit performance prior to fabrication.

The Wilkinson power divider is used as a broadband stripline circuit for power division which provides cqual
phasc characteristics.and isolation between the output ports. This three port device presents a matched-termination at
the input (sum) port 1, when the other ports arc match terminated. The power at the input port 1 of this binary power
divider splits equally among the two other ports 2 and 3 as shown in Fig. 8a and 8b.

Either of the output ports 2 or 3 may be isolated when power is delivered to onc of them, while:port 1 and the
giier remaining port are match terminated. The sum port will then receive power with some loss.® The power divider
uscd in this example consists of quarter wave scctions with characteristic impedances of 70.712 as shown in Fig. 8b. The
Quarter Wave Rule was applicd to verify the impedance values of the uncompensated and compensated dividers shown
in Fig. 4a-and 4h. The quarter wave rule comces from the reflectance Egs. (1a), (1b) and (2). Letting R=0 for zero
reflectance gives

vi={yxn . )
The Quarter Wave Rule can be represented in terms of transmission line impedances for the power divider as
4!,!»;\! ZyxZp, )

where, Zp, is uscd to impedance match Z; to Zp, and is the parallel combination of the two 70.7Q quarter wave
impedances at the junction; Z is the characteristic impedance of the power divider transmission line of 500 and Zf,z is
the parallel combination of the two output port impcdances which results in an impedance of 25 shown'in Fig. 9:

The compensated power-divider improves the performance by the addition of a quarter wave transformer in

front of the power division junction’ as scen.in Fig. 4b. The result is a shift in the impedance levels-and a broader
frequency band as shown in Fig. 10.

It can be scen that no power is dissipated in Ry, shown in Fig. 2, when Z; terminates ports 2 and 3. Also the
cnergy is at the same potential and Port 1 has an input impedance of Z,. If the source is then placed on port 2 for




example with- matched loads (Z,) on-ports 1 and s,-even and odd mode -analysis is nceded to give the characteristic

ABCD matrix involving the voltages and currents for each of the modified even and odd-mode circuit models to: bc
analyzed. 46 Using this analysis the value of the difference resistor. Ry was found to be equal to 2Z; or-10003.

‘5.1 Verification of Power Divider Impedance Vaiues.

The uncompensated power divider design-was verificd using the Quarter Wave Rule as follows

Zpl'iJ 500 x25€1 =35350 . (10)

The objective is to match a 50Q0 line to 22512 line. A quarter wavelength transmission line scgment with an
impedance of 35.35(1 placcd between the 501 and 250 scgments will correctly match the two lines together.

It is desirable to have a visual method of representation to analyze these results. The Admittance Diagram
accomplishes this. Using-Eq. (2) for-plotting thin film layers on the Admittance Diagram and converting to terms of
impedance gives

14
Zp, = —- (11)
Z
For this example
(35.3510)2
Zpy s ——— =250 - (12)
5090

In order to represent these results in terms of -optical admittance it-is convenient to normalize y,, to onc by
dividing by 2500, In other words, usc Eq. (11) but let yg = zp':/Zp'-' Vi = Zpllzp’ and youh = Zolzp, which gives

Yo = =1 - (13)

Youb

For zcro reflectance R = 0 and with y, = 1, we have
Y1=J Ysubx Yo =02, (19)

‘where, as stated above, ygyp, = 5001 /250-
For a low index layer on a glass substrate this would be represcnted as,

air| L | glass




Therefore, on the Admittance Diagram, shown in Fig. 11, the:transition layer -is rc}:prcscntcd“}}cginningiat the substrate
with admittance 2 (yg,;,) and continuing clockwise through the quarter wave layer to 1(y,) as shown in'Fig. 11. In terms

of impedance, the transformer matching transition begins at.the 50 1 segment and- continues through the 3535
segment to the 2561 scgment of transmission line, shown normalized in Fig. 9.

For the compensated power divider shown'in-Fig. 4b, -a quarter wavelength scgment with an impedance of 4203
was added between the junction and the input port. The addition of-this scgment-requires a-change in the impedance
values of the quarter wavelength branches from 70.7 1 to 59.4 . In order to verify these values, the parallel
combination of the 59.401 and 5001 branches were:-cansidered. A-quarter wave transformer model was then designed
and is shown in Fig. 12.

In the previous example it was shown that the center-of the 506 | Z, | 250 line was 35.3583. For convenience,

an artificial-impedance point of 35.35(1 was constructed for the compensated power divider. Hence, for this-case, the
50Q scgment is to be matched to the 35.35Q scgment and the 250 -scgment is to be matched to 35350 scgment as
shown in Fig. 12. For this analysis, any rcasonable astificial impedance point can be chosen and the S0 and 250
impedance values matched to it. The 29.79 scgment is just the paralicl combination-of the two 59.4 1-segments shown
in Fig. 4b. The Quarter Wave Rule can then be used to verify the impedance values for the multi-segmented power
divider as shown below ’

Zp =0Rx35350 = 2040 | (13

where 500 is matclied to the artifically constructed impedance peint 353502 and

Zp={33330x2350 =270 , (16)

where the 2341 point is matched to the artifically constructed impedance point 35.350 and y; =ZPZ,Zp3'

y2=2p3/2p3. The normalized Admittance Diagram for the compensated power divider is shown in Fig. 13,

52 Broad Frequency Band Verification

To verify that the addition of the quarter wave scetion in the front of the power division junction docs indeed
broaden the frequency response, analysis of ** ¢ compensated Wilkinson Power Divider using the normalized impedance.
will.now be performed with the aid of the Admittance Diagram. Shown in Fig. 13 was the Admittance Diagram for the
compensated power divider.  For this analysis, Iet us pick a design frequency w g of approximately 7.5 GHz.  This

represents a wavelengih A § of approximately ¥ em. A quarter wave strip is 10cm long, ignoring wavclength shifts in the

stripline duc to material propertics. For actual stripling circuits, the impedance is varied by strip thickness and width®.
Normalization was performed by dividing by 250, Fig. 13 shows-that the high impedance of the base segment starting
at the 2000 (5002 /250) point is matched to the low impedance scgment ending at the 1.000 (25€1/251) point by
two quarter wave segments. These segments match the center 1414 (35.3502/2501)  point to the outer points. Using
Eq. {11) the first scgment was calculated to have a normalized valuc of 1.6S2 (420 /2502) and performs the match from
the 2.000 point to the 1414 point. Similarly, the sccond segment was calculated to have a normalized value of 1189
(29.711/250q) and performs the match from the 1.414 point to the 1000 point.




Here, both of the clockwise circles are IOcm,iong because, as stated carlier, they are-quarter wave scgments af.
the design wavelength, ) y-= 40cm. What we want to know is, "What happens when we are not.at the design wavelength

due to a shift in signal input frequency? " For this cxample, let us say that the excitation wavelength has shifted to A, =

36cm. This represents a quarter wave of 9cm. Shown in Fig. 14 is the Admittance Diagram for the same stripline
circuit as before but with a shorter excitation wavclength: At first glance, onc might expect the semicircles-to be shorter
for a shorter wavelength. However, remember that the stripline circuit was designed for a quarter wave of 10cm. The
Admittance Diagram shows-the circuit with the wavelength in use, which is now 9cm. Hence, a 9cm segment would be
represented by one complete clockwise semiaircle. Our scgment is 10cm long. This is represented by. the-clockwise
extension of the scmicircle beyond the horizontal axis due to the additionat 1cm section. It should be noted here that the
‘length of the-additional arc of the circle:is not a lincar function of the scgment length. The cighth wavelength point is
shown in Fig. 14.

Since the scgment-of the first semicircle is too long, due to the additional 1em segment, we do not get a good
-match to the center point: at our shifted waveiength. We sce that the next semicircle, a censcquence of the sccond
segment, begins at the cnd of the previous semicircle, and is also too long for the same rcason. The quarter wave is
9cm and our-segment is 10cm iong. The end result-is that cach additional scgment cancel cach other and compensation
is scen to take place. The second semicircle intersects the horizontal axis very-ciose to the desired value of 1.000. The
shift in the-cnd-peint of the second semicircle is-primarily along the horizontal. This indicates that only a-slight phase
shift will be introduced. It may also be noted that at this new wavelengih, the intersection point of the two semiciscles s
above the horizontal axis and here, where it is not important, there is a phase shift.

Similar arguments . could-be made il we were to now pick a longer excitation wavelength A, = Hcm, with a
quarter wave of Ilem. In that case the first semiciscle would fall short of reaching the horizontal axis duce to the Iem
difference between the design quarter wave and the signal quarter wave shown in Fig. 15, The secend semicircle would
also be short. bt since it begias belox the horizontal axis it also interscets the horizontal axis very close to the design
impedance point. again showing that the original design is compensated for longer wavelengths. The frequency band of
operation has indeed been brosdened using this icchnique. While the exact values for center and finaf impedance points
have not been caleulated. they can be calculated by the interested designer. The important point here is to recognize
how casy it is to perlorm simple analysis that provides a high degree of insight into the basic performance of a cireuit.

The Wilkinson power diider discussed previously can also be improved by the addition of a hall wave segment,
or half wave flattening laver. A broader frequency band and zero reflectance may be accomplished by adding two
quarter wave segments of higher impedance (Zy; = 7502 for example). However, this alicrnate design is beyond the
scope of this paper and will be addressed in subsequent publications.

6. CONCLUSION

A corrclation hetween the optical thin film method of design and the microwave method of design has been
shown for the simple structures presented.  The use of the Admittance Diagram in the design of optical thin films
involves a model consisting of stacks or segments of single diclectric layers. The Quarter Wave Rule and the
Admittance Diagram have been used in-a similar manner to design certain stripline devices which were modeled as
quartcr wavelength segments and parallel branch segments connccted in a continuous transmission line.

It has been shown that broadband techniques used in optical thin film design may also be applicd to microwave
componeats with comparable results. It is rcasonable to expect that many microwave components may be further
improved by using other techniques from optical thin film coating designs. For cxample, one may use the addition of a
half wave flattenming layer to produce a broader frequency band clement while maintaining zero reflectance.
Experimental analysis must still be performed on more complex devices (for example low-pass, high-pass. and band-pass
filiers, directional couplers, uncqual power dividers and various transmission and reflection devices) to verily to what
extent this technique may be used,
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Fig. 2. The Smith Chart consists of loci of constant
resistance and reactance plotted in the complex plane
where w = u+iv on a polar diagram. Onz can- find
‘the impedance transformed along a transmission line or
relate the standing wave ratio or the reflection

Fig. 1. Showa'is a single optical thin-film-layer with
index of refraciica, n; on a substrate with index of
refraction n,. The incident media has an index of
refractiog of n,. Lignt-is incident on the thin film

at zero degrees angle, but is presented with finite cocfficient to the impedance. It allows ome to
angle for clarity. The two reflected beams from the understand: the ‘behavior .of complex  impedance
top and bottom surface recombine ccherently. matching techniques3 .
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Fig. 3. The Admittance Diagram is shown for a single thin film lay:r deposited on a substrate at a design waveiength of
Ay The deposition of the layer begins on the substrate y,,,, on the real axis. As depositions -proceeds, the circle
continues counier clockwise intersecting the other circle that is centered on the imaginary axis with radius ¥, At this
point the optical path isA/8 and light would have 2 phase shift of ¢ =% 73 As deposition <0i..inues, the circle intersects
the real axis at yLZIywb. The optical thickness is one quarter wave and the phase shift for the light is¢ = 0. As more

material is deposited on the substrate the thickness of the layer increases passing the three eighths wave thickness with a
phasc shift ofé = 3x ;> and finally intersects-the rcal axis at the starting point but with one half wave layer and a phase

shift of @ = x for the:design wavelength M 4. Shown are the contours that separaie four quadrants. The I and 4%
quadrants are inside the boundary of the circle with radius - The 2*¢-and 3™ quadrants are outside the same boundary.
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'Fig..4a. The Uncompensated Wilkinson Power divider with 70.7 Q1 quarter wave section;.100 Q0 resistor Rx-and 50 0}
characteristic impedance of-the line. Fig. 4b. The compensated power.divider. The quarter wave 421 segment allows
for a broader frequency band.

l‘l(“‘
air 3

V /[ /

7. .
7
V22272200

glass

m o om o

Fig. 5. Admittance Diagram. applied to the Smith. Fig. 6. Assembly- of five quarter wave layers. The
Chart. The solid circles represent constant real combination of the multilayer and the substrate can be-
and imaginary parts of the admittance. The broken represented by a single equivalent-admittance Y.

circles are constant amplitude of the reflectance

coefficient with the outside solid circle equal to 1.0.

The optical thickness is measured in fractious of a

wavelength towards the medium of incidence,!
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Fxg 7. Admittance Diagram for a Low-ngh index layer configuration. The closer the effective admittance comes to the
lnput admittance, in this-case 1 for air, the lower the rcflectance R. The addition of the two layer stack is seen to
increase the reflectance- because the efféctive admittance is now greater than the substrate admittance. The value-of the

admittance at the starting point a is just y,,, and procéeds clockwise for the low admittance layer L io point'b giving y2
/Ysup, The-admittance then-continues in a clockwise direction for the high index-layer H-ending at point c:the result is

the effective admittance Y=y, 2y p/y,
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Fig. 8a. The binary power divider is shown with port 1 as the input, ports 2 and 3 the output ports-and Rx “known as
the difference.resistor. Fig. 8b shows the schematic-for the Wilkinson power-divider with characteristic impedance of
the line equal io 500 on the input and-output lines and 1000 for the difference resistor. Both dividers consist of
quarter wave segments.*
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Fig: 9. The Transformer Model of the Wilkinson
Power Divider using -the -Quarter Wave Rule.
The parallel combination- of impedances are
represented-as single transmission line segments.
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Fig. 11.  The Admittance diagram for the
-uncompensated power divider. The semicircle
beging at the substrate with normalized
admittance y,,, = 2 and continues clockwise to
the normalized output admittance y, = ¥;*/Youp
= 1,:.where y; = 1.414 is the admittance of the
quarterwave layer.

Fig. 10. ‘Shown is the VSWR versus Normaliz. J
frequency for the uncompensated and
compensated Wilkinson power dividers.
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Fig. 12. The transformer model for the
compensated power divider. The Z.pl =421
;mdep2 = 29.7Q segments are matched to the
artificial impedance point of 35.3501.
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Fig. 13. The Admittance Diagram for the compensated power divider. The admittance begins-at yo,, = 2 and
continues clockwise for the 420 transmission line segment to admittance yy?/yy,, = 1.414. The admittance continues

for the 29.7Q line segment resulting in an cquivalent admittance of y; 2 yo,p/yp? = 1. Where o>y >yr-
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Fig. 14. The Admittance Diagram for the

-compensated power divider designed for Ay
40cm but used at excitation wavelength A, =

39¢cm.
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Fig. 15. The Admittance Diagram for the compensated
power divider designed for Ay = 40cm but used at

excitation wavelengthA . = ddcm,




